Abstract: A critical live load pattern is the live load pattern which will produce the maximum axial force and/or bending moment in a structural member under consideration. Structural engineers commonly select the critical live load pattern from full-span live load patterns rather than partial-span live load patterns. In order to identify the most critical live load pattern, a threestory, two-bay steel moment frame design example is presented in this paper. In this design example, both first-order and second-order analyses are used for the determination of the required strength of the columns, while the effective length method is used for the determination of the design strength of the columns. The results of the example indicate that the effects caused by partial-span live load patterns are more critical than those caused by full-span live load patterns, not only in the computation of the required strength of the structural members, but also in the calculation of the maximum lateral displacement of the entire frame.
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Introduction
For the design of a structural member in a moment frame, the live load pattern must be varied to determine the maximum particular force in the structural member. For example, the live load pattern shown in Fig. 1(a) is commonly used by structural engineers to maximize the axial compressive force in column A-B. On the other hand, the live load pattern shown in Fig. 1(b) is commonly used by structural engineers to maximize the end moment in column A-B. Fig. 1(a) shows that the uniformly distributed live load is placed over the entire length of all beams directly connected to the column on all floors supported by the column A-B. The checkerboard pattern of live load shown in Fig. 1 (b) maximizes the end moment at the top of column A-B.
However, the associated axial force in the column A-B shown in Fig. 1(b) is only about one-half of that shown in Fig. 1(a) . The method used to identify the critical live load patterns in order to determine the maximum axial force and/or moment in a column was discussed by Leet and Uang (2002) .
Partial-Span Live Loading
The live load patterns shown in Figs. 1(a and b) are full-span load patterns. In a full-span load pattern, the uniformly distributed live load is placed over the entire length of the loaded beams. If the uniformly distributed live load is placed over only a portion of the beam, as shown in Fig. 2(a), the load pattern is called a partial-span load pattern. Fig. 2(a) shows that due to the unsymmetrical load on the beam, the frame undergoes sidesway. The analysis of the unsymmetrically loaded frame shown in Fig. 2 (a) can be carried out by introducing a temporary restraint to prevent the frame from translating as shown in Fig. 2(b) ; the sway force [which has the same magnitude but is opposite in direction of the holding force shown in Fig. 2(b) ] is then applied to the frame, as shown in Fig. 2(c) . The partial-span loading effects on the axial forces and bending moments of the exterior column A-B in multi-bay moment frames, as well as the deflections of the entire frames, are presented in Fig. 3 . It clearly indicates that the partial-span loading effects on the deflection of the entire frame become more significant if there are more partial-span loaded bays in the same story. In order to investigate the significance of the partialspan loading effects, a two-bay, three-story steel moment frame design example is demonstrated in this paper.
Design Criteria for W-Shape Members Subject to Flexure and Compression
The design interaction equations for doubly and singly symmetric members subject to flexure 
where P r = the required axial compressive strength; P c = the design axial compressive strength; M r = the required flexural strength; and M c = the design flexural strength. Referring to Fig. 4 , the required second-order axial strength, P r , and flexural strength, M r , of the beam-column can be determined using Eqs. 
where P nt = the first-order axial force with the structure restrained against lateral translation; P lt = the first-order axial force due to lateral translation of the structure only; M nt = the first-order moment with the structure restrained against lateral translation; M lt = the first-order moment due to lateral translation of the structure only; B 1 = the non-sway moment magnifier; and B 2 = the sway moment magnifier.
Per AISC Specification Formula (A-8-3) (Copyright © American Institute of Steel Construction.
Reprinted with permission. All rights reserved.), the non-sway moment magnifier, B 1 , can be computed as:
where  =1.0 for the Load and Resistance Factor Design (LRFD); C m = the factor in the nonsway moment magnifier; P e1 = the elastic critical buckling strength of the column in the plane of bending. Note that the required axial compressive strength, P r , in Eq. (5) can be computed as P r = P nt + P lt .
According to AISC Specification Formula (A-8-4) (Copyright © American Institute of Steel Construction. Reprinted with permission. All rights reserved.), the factor C m for beam-columns with no transverse loads between supports in the plane of bending can be defined as:
where M 1 = the smaller end moment; M 2 = the larger end moment; and M 1 /M 2 = the absolute ratio of bending moment at the ends of the beam-column; the ratio is negative if bent in single curvature and positive if bent in reverse curvature.
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Also, according to the AISC Specification Formula (A-8-5) (Copyright © American Institute of Steel Construction. Reprinted with permission. All rights reserved.), the elastic critical buckling strength of the beam-column in the plane of bending, P e1 , can be defined as:
where * EI = EI for the effective length and first-order analysis methods; E = the modulus of elasticity of steel = 29,000 ksi (200 000 MPa); I = the moment of inertia in the plane of bending; L = the length of the member; and K 1 = the effective length factor in the plane of bending, determined based on the assumption that lateral translation at the member ends is absent, which is set equal to 1.0, unless analysis justifies a smaller value.
Per AISC specification Formula (A-8-6) (Copyright © American Institute of Steel Construction.
Reprinted with permission. All rights reserved.), the sway moment magnifier, B 2 , can be computed as follows:
where α =1.0 for LRFD; P story = the total vertical load supported by the story; P e story = the elastic critical buckling strength for the story in the direction of translation being considered, which can be determined using Eq. (9) per AISC Specification Formula (A-8-7) (Copyright © American
Institute of Steel Construction. Reprinted with permission. All rights reserved.):
where L = the story height; Δ H = the first-order interstory drift due to lateral forces; H = the story shear produced by the lateral forces used to compute Δ H ; and
where P mf = the total vertical load in columns in the story that are part of moment frames in the direction of translation being considered.
Note that in order to account for initial geometric imperfections of columns, notional loads shall be applied as lateral loads at all levels. According to AISC Specification Formula (C2-1) (Copyright © American Institute of Steel Construction. Reprinted with permission. All rights reserved.), the magnitude of the notional loads shall be: 
where c  = the resistance factor for the compression member (0.9 for LRFD); A g = the gross area of the member; and F cr = the critical stress in compression. 
where F e is the elastic buckling stress, which can be determined [AISC Specification Formula (E3-4)] (Copyright © American Institute of Steel Construction. Reprinted with permission. All rights reserved.) as: 
in which the restraint factor at the top or the bottom of a column can be computed as For a structural system with leaning columns, the effective length factor shall be modified using a leaning column amplifier (AISC 2006; Vinnakota 2006) as shown in Eq. (18):
where ΣP leaning = the summation of the gravity loads supported by the leaning columns; and ΣP stability = the summation of the gravity loads supported by the stability columns.
Note that the use of the effective length method shall be limited to a ratio of maximum secondorder drift to maximum first-order drift in all stories equal to or less than 1.5 (i.e., B 2 ≤ 1.5).
AISC Specification Table B4 Reprinted with permission. All rights reserved.) can be computed as follows: 
Design Example
The typical floor plan for a three-story library building is shown in Fig Therefore, the adequacy of the column for these four cases will be investigated. The notional load and the frame deflection due to the notional load for live load cases (B), (D), and (F) for the load combination 1.2D + 1.6L + 0.5S are then computed and are shown in Figs. 10(a, b, and c) [Note that the notional load and the frame deflection are the same for live load cases (B) and (C)].
The adequacy of the column for the four critical cases is then investigated as follows: Also, G bot = 10 for practical designs for column bases supported by, but not rigidly connected to, a footing or foundation.
Using Eq. (16),
Also, referring to loading. Fig. 13 shows the magnitude of the sidesway for each floor when all the floor spans are all partially loaded on the same side of the span. Table 2 summarizes and compares the magnitude of the sidesway for the frame due to the partial-span floor live loads, as shown in Fig. 13 , and the wind loads, as shown in Fig. 7 . Table 3 summarizes and compares the magnitude of the story drift for the frame due to the partial-span floor live loads, as shown in Fig. 13 , and the wind loads, as shown in Fig. 7 .
Conclusion
For the design of a structural member in a moment frame, the live load pattern must be varied to determine the maximum axial force and/or bending moment in the structural member. The live load pattern that produces the maximum axial force and/or bending moment in the structural member under consideration is the critical live load pattern. Structural engineers commonly select the critical live load pattern from various full-span live load patterns rather than partial-21 span live load patterns. However, the results of the study conducted in this paper indicate that: (1) the maximum required strength to design strength ratios of the exterior column of a frame that is subjected to a particular partial-span live load case is higher than that of a frame that is subjected to various full-span live load cases; (2) the story drifts and the horizontal displacement of an entire frame due to a particular partial-span live load case could be very significant (especially when the live load to dead load ratio is high); and (3) the partial-span loading effects on the deflection of an entire frame are more significant if there are more partial-span loaded bays in the same story. Thus, for the design of a multi-story multi-bay moment frame with a high live load to dead load ratio, the effects caused by partial-span live load patterns could be more critical than those caused by full-span live load patterns, not only in the computation of the required strength of the structural members, but also in the calculation of the story drifts and the lateral displacement of the entire frame. 
